and their impact on thermal and charge transport characteristics of the crystals have been first 
It should be noted that measured properties of dodecaborides not always correspond to the ideal cubic structure. It has been established, in particular, that Raman spectra of LuB 12 and ZrB 12 contain modes prohibited by selection rules if static displacements of metallic cations from centrosymmetric 4a position of the Fm m group are not presumed. Structure disordering was confirmed using x-ray data and a small tetragonal distortion of cubic lattice was earlier observed at low temperatures. 5 Сooperative dynamic Jahn-Teller (JT) effect is assumed to be a cause of the boron framework deformation (Ref.
3) what makes an impact on crystal properties keeping in mind that the conduction band of LuB 12 is built on hybridized electronic states of Lu (5d) and B (2p). As shown in our recent work, 4 the Fm m symmetry group is ideal for atomic coordinates (x/a, y/b, z/c) but the symmetry of residual electron density (ED) distribution is much lower if non-averaged, accurately measured x-ray data are used in Fourier transform of the structure factors observed. Maxima of residual ED, which are distributed mainly along <110> diagonals of the unit cell, become stronger and form charge stripes directed along one of the selected diagonals at temperatures below the transition temperature to the cage-glass state T* ~ 60 K. 
II. EXPERIMENTAL
A. Crystal growth, sample preparation, charge transport and heat capacity measurements
High-quality single crystals of Lu N B 12 , (N = 10, 11 and nat) were grown using the induction zone melting method in an inert gas atmosphere from the preliminarily synthesized LuB 12 powders. 7 The sample preparation for charge transport and x-ray studies was specified in 
III. RESULTS

A. Dynamic and static components of atomic displacement parameters
Atomic displacement parameters (ADPs) are the refined parameters of the structure model whose values are not tied to the nature of atomic displacements from the lattice points. 
where w =1/σ 2 (u obs ) is a weight of u obs . The goodness-of-fit is estimated by the R1 factor:
The summation in Eq. (3) and (4) As is evident from Fig. 3 , the maps look differently depending on the isotope 
C. Temperature dependences of the unit-cell values
Lower symmetry ED distribution points to probable lattice distortions. Non-averaged, linear ( The amplitude of the anomaly, which is observed for all the dodecaborides under study, is the largest one in Lu 10 B 12 and the smallest one in Lu nat B 12 ( Fig. 7) . At low temperatures the Seebeck coefficient changes linearly, and the largest slope of this Mott (diffusive) thermopower is detected in the isotopically pure lutetium dodecaborides.
IV. DISCUSSION
A. Crystal structure
Refined characteristic Einstein and Debye temperatures and temperature independent ('constant') components of equivalent ADPs, <u 2 > c = <u 2 > shift + <u 2 > zero , are shown in Table I for each of Lu N B 12 , N = 10, 11, nat. 
B. Crystal properties
Resistivity
The resistivity changes with temperature Δρ(Т) are analyzed here in terms of the Einstein formula:
which is expected to be valid at T < T* ~ 60 K in the cage-glass state of the Lu N B 12 crystals with strong electron-phonon scattering on the quasi-local vibrations of the Lu 3+ ions. Figure 8 (a)
shows a fit of the resistivity data by Eq. (5), which allows estimating T E = 162-170 K (see Table II ). (5), (6) and text]. may be considered as a good approximation for resistivity in the temperature range 100-300 K.
It is worth noting that T 0 parameter in Eq. (6) detected from these fits is close to the Einstein temperatures T E (see Table II ). At the same time the crossover between these two regimes described by Eq. (5) and (6) 
Specific heat
To analyze the contributions to the specific heat of the Lu N B 12 samples, we used an approach similar to that previously applied in (Ref. 
where R is gas constant and r = 12. The electronic specific heat C el = γT with γ ≈ 3 mJ/(mol K 2 ) and the Debye contribution with T D detected above from u eq (B) approximation by Eq. (2) were applied here to calculate the difference Indeed, in view of a weak coupling of the rare-earth ions in the boron network in combination with a significant number of boron vacancies and other intrinsic defects in the UB 12 type structure, 21 the formation of double-well potentials (DWP) should be expected at displacements of the Lu 3+ ions from central positions in B 24 cubooctahedra. All the above mentioned specific heat contributions are shown in Fig. 9 in the C/T 3 plot together with our experimental data.
According to the approach developed in (Ref. 6, 20) , the energy ΔE 2 /k B = 54-64 K [see Eq. (9) and Table III below], which is deduced from the analysis developed here, should be attributed to the barrier height in the DWP. Moreover, the normalized concentration N 2 = 0.047-0.08 of TLS 2 (see Table III Table III ).
It is interesting to note here that in the case of random distribution of boron vacancies in
is the coordination number in the boron lattice) may be used to estimate the expected divacancy concentration. We consider the calculated value to be in a good agreement with n d deduced from the above developed heat capacity analysis. It is worth noting also that the barrier height ΔE 2 /k B in the double-well potential for Lu N B 12 is close to the cage-glass transition temperature T* = 54-65 K. 6, 23 This allows one to conclude in favor of the simple scenario of the order-disorder transition in the rare earth ion sublattice in terms of 'freezing' of Lu 3+ ions at different positions of DWP minima induced by the random distribution of boron vacancies at temperature decreasing below T*. (N 1 ) and TLS 2 (N 2 ), Einstein temperature T E as detected from the heat capacity analysis [Eq. (7)- (9)], T* is the cage-glass transition temperature. 6, 23 Lu 
Seebeck coefficient
negative S(T) minimum is typical feature for metals with electron conduction (see, for example, Ref. 24 ) and it appears as a crossover from phonon-drag thermopower with the dependence S g ~ 1/T at higher temperatures to a linear diffusive low temperature component S = BT. As a result, these two limits of the S(T) behavior may be described as:
These two parts of thermopower are approximated by solid lines in Fig. 7 and fitting parameters are collected in Table IV Table I ).
The mixed isotope composition is a native defect affecting also as a factor, which increases the Taking into account that the coefficient B in Eq. (10) is defined by the Mott formula for the electronic thermopower:
where g(E F ) is a derivative of the electron density of states at the Fermi level E F , one can explain the fivefold difference (Table IV) The above new data are not enough to build a full system of cause-and-effect relations between parameters of the JT lattice distortion of the boron lattice and a certain probability of the dynamic charge stripe formation. It seems that additional channels of charge transport can be formed in RB 12 in case of noticeable trigonal distortions of the cubic lattice in combination with optimal number of structure defects, which are enough to form selected channels (stripes) but do not exceed the value, above which they break into short chains. Note that measurements of heat capacity and charge transport (resistivity, Seebeck coefficient) are complementary experiments.
In case the dynamical charge stripes are defined from the structure data, their consideration together with the above values can give new data for analysis. Heat capacity, as a bulk material property, can be used at low temperatures to control quality of materials (concentration and categories of defects) whereas transport parameters are integral characteristics of the heterogeneous medium including both filamentary structure of conductive channels and basic metallic matrix of the compound. 
